A so-called "entropy-corrected holographic dark energy" (ECHDE), was recently proposed to explain the dark energy-dominated universe with the help of quantum corrections to the entropy-area relation in the setup of loop quantum cosmology.
I. INTRODUCTION
There is a wide consensus among cosmologists that our universe has entered a phase of accelerated expansion likely driven by some unknown energy component whose main feature is to possess a negative pressure [1] . Although the nature of such dark energy is still speculative, an overwhelming flood of papers has appeared which attempt to describe it by devising a great variety of models. Among them are cosmological constant, exotic fields such as phantom or quintessence, modified gravity, etc, see [2] for a recent review.
An interesting attempt for probing the nature of dark energy within the framework of quantum gravity, is the so-called "Holographic Dark Energy" (HDE) proposal. This model which has arisen a lot of enthusiasm recently [3] [4] [5] [6] [7] [8] [9] , is motivated from the holographic hypothesis [10] and has been tested and constrained by various astronomical observations [11] .
The definition of HDE is originally motivated from the entropy-area relation which depends on the theory of gravity under consideration. In the thermodynamics of black hole, there is a maximum entropy in a box of length L, commonly termed, the Bekenstein-Hawking entropy bound, S ∼ M Paper we use the units c = = 1. In this context, Cohen et al. [3] suggested that in quantum field theory a short distance cutoff is related to a long distance cutoff due to the limit set by formation of a black hole, which results in an upper bound on the zero-point energy density. In line with this suggestion, Hsu and Li [4, 5] argued that this energy density could be viewed as the holographic dark energy density satisfying
L is the size of a region which provides an IR cut-off, and the numerical constant 3n 2 is introduced for convenience. It is important to note that in the literature, various scenarios of HDE have been studied via considering different system's IR cutoff. In the absence of interaction between dark matter and dark energy in flat universe, Li [5] discussed three choices for the length scale L which is supposed to provide an IR cutoff. The first choice is the Hubble radius, L = H −1 [4] , which leads to a wrong equation of state, namely that for dust. The second option is the particle horizon radius. In this case it is impossible to obtain an accelerated expansion. Only the third choice, the identification of L with the radius of the future event horizon gives the desired result, namely a sufficiently negative equation of state to obtain an accelerated universe. However, as soon as an interaction between dark energy and dark matter is taken into account, the first choice, L = H −1 , in flat universe, can simultaneously drive accelerated expansion and solve the coincidence problem [12] . It was also demonstrated that in the presence of an interaction, in a non-flat universe, the natural choice for IR cutoff could be the apparent horizon radius [13] .
As we mentioned the black hole entropy S plays a crucial role in the derivation of HDE.
Indeed, the definition and derivation of holographic energy density (
where A ∼ L 2 represents the area of the horizon. However, this definition can be modified from the inclusion of quantum effects, motivated from the loop quantum gravity (LQG).
The quantum corrections provided to the entropy-area relationship leads to the curvature correction in the Einstein-Hilbert action and vice versa [14] . The corrected entropy takes the form [15] 
where γ and β are dimensionless constants of order unity. The exact values of these constants
are not yet determined and still an open issue in loop quantum cosmology. These corrections arise in the black hole entropy in LQG due to thermal equilibrium fluctuations and quantum fluctuations [16] . Taking the corrected entropy-area relation (1) into account, the energy density of the HDE will be modified as well. On this basis, Wei [17] proposed the energy density of the so-called "entropy-corrected holographic dark energy" (ECHDE) in the form
In the special case γ = β = 0, the above equation yields the well-known holographic energy density. Since the last two terms in Eq. (2) can be comparable to the first term only when L is very small, the corrections make sense only at the early stage of the universe. When the universe becomes large, ECHDE reduces to the ordinary HDE.
In this Paper we intend to study thermodynamical interpretation of the interaction between dark matter and ECHDE for a universe with spacial curvature. As systems's IR cutoff we shall choose the radius of the event horizon measured on the sphere of the horizon, defined as L = ar(t). Using the logarithmic correction to the equilibrium entropy we will derive an expression for the interaction term in terms of a thermal fluctuation. This Paper is outlined as follows. In the next section we consider the thermodynamical picture of the non-interacting ECHDE in a non-flat universe. In section III, we extend the thermodynam-ical description in the case where there is an interaction term between the dark components.
We also present an expression for the interaction term in terms of a thermal fluctuation in this section. The last section is devoted to conclusion.
II. ENTROPY CORRECTED HDE IN A NON-FLAT UNIVERSE
We assume the background spacetime to be spatially homogeneous and isotropic given by Friedmann-Robertson-Walker (FRW) metric
where a(t) is the dimensionless scale factor which is an arbitrary function of time, and k is the curvature parameter with k = −1, 0, 1 corresponding to open, flat, and closed universes, respectively. The Einstein field equation representing the dynamics of the FRW spacetime can be written as
where H =ȧ/a is the Hubble parameter and ρ Λ and ρ m are the energy densities of dark energy and dark matter, respectively. One can rewrite Eq. (4) in the dimensionless form as
where the above density parameters are defined by
Here ρ cr is the critical energy density. The energy conservation equations for dark energy and matter areρ
Notice that in the above equation, we have assumed matter to be pressure-less fluid, w m = 0.
As we shall see later, this may not be the case if matter interacts with dark energy.
Due to deep insights of Bekenstein [18] and Hawking [19] , there has been established a connection between gravity and thermodynamics. With the help of semi-classical analysis of static black holes with a vacuum background, Hawking proposed that black holes could not remain static but can lose mass by emitting virtual particles from their horizons. From the pure relativistic point of view, black holes are 'cold' objects without any temperature. But
Hawking's analysis implied that black holes are not only 'hot' but can gradually increase their temperature with evaporation. Thus a black hole can explode if its mass is reduced closer to Planck's mass. The analysis showed that the black hole's horizon temperature is inversely proportional to its mass. Bekenstein [18] thought that since the entropy of the black hole horizon is proportional to horizon area, hence with evaporation, the black hole's entropy will decrease with time and violate the second law of thermodynamics. As a black hole loses entropy, the entropy of the background universe increases. Bekenstein suggested that the sum of black hole entropy and the background entropy must be an increasing quantity with respect to time. It was a matter of doubt whether the temperature associated with the horizon is a physical temperature or merely a geometrical effect. To answer this,
Padmanabhan [20] proved that this temperature is a physical quantity like temperature of physical objects.
In this Paper, following [17] we assume the energy density of the HDE is modified due to the correction terms in the entropy formula. Hence the energy density of the ECHDE takes the form (2) where L is defined as
where R h is the size of the future event horizon defined as
The last integral has the explicit form as
Using the definitions of Ω Λ and ρ cr , it is straightforward to show that
where
Differentiating (2) with respect to t giveṡ
Making use of (15) in (7) gives
The above expression represents the equation of state of the entropy corrected holographic dark energy.
After the discovery of black hole thermodynamics, people got interested in understanding whether one can associate thermodynamics to the cosmological horizons as well similar to black hole horizons [21] . There is a fundamental difference between cosmological and black hole event horizons: in the former case, the observer lies inside the horizon while in the later case; the observer is outside the horizon, hence the temperature measurement by both the observers may be different. Moreover, if the thermodynamics of horizons is restricted only to event horizons, then the later quantity does not always exist for the cosmological spacetimes. Cai and collaborators [22] have proposed that one can associate the Hawking temperature to the horizon of FRW cosmological spacetime if the universe is enclosed by an apparent horizon (a trapped surface with vanishing expansion) and not an event horizon.
This temperature is inversely proportional to the size of the apparent horizon.
The FRW universe may contain several cosmic ingredients including dark energy, dark matter and radiation. Astrophysical observations suggest that the energy density of dark energy is the dominant quantity in the universe. In the present analysis, we shall assume the FRW universe to contain only dark energy and matter. Astrophysically, the temperature of dark energy and matter could be different from that of the apparent horizon: if the temperature of cosmic fluids is hotter than the apparent horizon then heat will flow outside the horizon and vice versa. It is possible that the physical system (consisting of dark energy, matter and the apparent horizon) ultimately reaches the state of thermal equilibrium in a finite time. Hence one can take the same temperature for the whole thermodynamic system. In this Paper, we shall assume the dark energy to be given by the entropy corrected holographic dark energy.
The first law of thermodynamics is defined as
where volume V is given as
the energy of the holographic dark energy is defined as
and the temperature of the event horizon is given as
Substituting the aforementioned expressions for the volume, energy and temperature in Eq. (17) for the case of the non-interacting ECHDE model, one obtains
where 1 + 3ω
1 − 3ω
III. THERMODYNAMICS OF INTERACTING ECHDE
In this section we consider the interaction between ECHDE ρ Λ and matter ρ m . Given the unknown nature of both dark energy and dark matter there is nothing in principle against their mutual interaction and it seems very special that these two major components in the universe are entirely independent. Indeed, this possibility has received a lot of attention recently [23] [24] [25] [26] and in particular, it has been shown that the appropriate coupling between dark components can influence the perturbation dynamics and the cosmic microwave background (CMB) spectrum and account for the observed CMB low l suppression [27] . It was
shown that in a model with interaction the structure formation has a different fate as compared with the non-interacting case [27] . It was also discussed that with strong coupling between dark energy and dark matter, the matter density perturbation is stronger during the universe evolution till today, which shows that the interaction between dark energy and dark matter enhances the clustering of dark matter perturbation compared to the noninteracting case in the past. Therefore, the coupling between dark components could be a major issue to be confronted in studying the physics of dark energy. However, so long as the nature of these two components remain unknown it will not be possible to derive the precise form of the interaction from first principles. Therefore, one has to assume a specific coupling from the outset [28, 29] or determine it from phenomenological requirements [30] .
Thermodynamical description of the interaction (coupling) between holographic dark energy and dark matter has been studied in [31] .
In the presence of interaction the corresponding conservation equations are written aṡ
The energy conservation equation (24) gives
The effective equations of state for dark energy and matter are defined by [32] 
Here r m = ρ m /ρ Λ , and Γ = Q/ρ Λ = 3H(1+r m ), is the decay rate of dark energy into matter.
Making use of (27) in (24) and (25), we havė
We add a logarithmic correction term to the entropy
Λ .
is the first order correction term to the entropy involving temperature T and the heat capacity C. The later quantity is defined as
To perform this analysis, we assume β = 0. Now using (31), we have
For the case of the interacting ECHDE model, one obtains
In this way we provide the relation between the interaction term of the dark components and the thermal fluctuation.
IV. CONCLUSION
It is interesting to ask whether thermodynamics in an accelerating universe can reveal some properties of dark energy. It was first pointed out in [33] that the hyperbolic second order partial differential Einstein equation has a predisposition to the first law of thermodynamics. The profound connection between the thermodynamics and the gravitational field equations has also been observed in the cosmological situations [34] [35] [36] [37] [38] [39] . This connection implies that the thermodynamical properties can help understand the dark energy, which gives strong motivation to study thermodynamics in the accelerating universe.
On the other side, in the absence of a symmetry that forbids the interaction between two dark components of the universe there is nothing, in principle, against it. Further, the interacting dark mater-dark energy (the latter in the form of a quintessence scalar field and the former as fermions whose mass depends on the scalar field) has been investigated at one quantum loop with the result that the coupling leaves the dark energy potential stable if the former is of exponential type but it renders it unstable otherwise. Thus, microphysics seems to allow enough room for the coupling; however, this point is not fully settled and should be further investigated. The difficulty lies, among other things, in that the very nature of both dark energy and dark matter remains unknown whence the detailed form of the coupling cannot be elucidated at this stage.
In this Paper, we investigated the model of interacting holographic dark energy with the inclusion of entropy corrections to the holographic dark energy. These corrections are motivated from the LQG which is one of the promising theories of quantum gravity. We provided a thermodynamical description of the ECHDE model in a universe with spacial curvature. We assumed that in the absence of a coupling, the two dark components remain in separate thermal equilibrium and that the presence of a small coupling between them can be described as stable fluctuations around equilibrium. Finally, resorting to the logarithmic correction to the equilibrium entropy we derived an expression for the interaction term in terms of a thermal fluctuation.
